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Distortion inherent in map projections can effect the 
delimitation of maritime boundaries. Thirty-nine maps of 
three study areas representative of the world were drawn, 
and the en~elop~ and median line offshore boundaries were 
constructed on them. Every country's enclosed boundary area 
wa~ measured in each of the four categories of distortion; 
equiva_lency, conformali ty, equidistance and constant bearing. 
How a nation wants to use or develop the territory within its 
sea bound~ry can be associated with the preservation or 
deformation of one or two ol these distortive qualities. 
The distortion data was tabulated and ranked according to 
total scores. The result reve~led i number of projections 
that indicate a ~ide range of ~sefulness depending on the 
degree of deformation and preservation of properties for a 
particular study area. Dependirtg on the longitudinal and 
latitudinal position, maritime activities are variously 
effected by the amount of deformation and preservation 
inherent in each projection. Thus depending on a nation's 
global location and its interest in the use of its enclosed 
offshore boundary area, the most appropriate ch6ice of 
projection is recommended for polar, mid-latitudinal and 
equatorial maritime areas. 
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When viewed from space, the earth appears to be a 
spherical globe consisting of _three dimensions, length, 
width and depth. A problem that has plagued cartographers 
for cerituries is·how to represent the entire globe or port-
ions of the globe on a two dimensional medium of length and 
width. Ther~ is no possible way 7 geometric, trigonometric 
or by computer that all the qualities present on. the globe 
can be simultaneously represented ori a two dimensional map. 
In referring t6 a popular analogy, it is the old problem of 
trying to apply an "~range peel" to a flat surface. In order 
to ·do this, the· orange peel must _be distorted either by 
stretchin~~ shririking or tearing. 
Different projections are used to achieve representat-
ions which possess certain prop~rties favorable- for the 
specific ~urpose required. There are four categories of 
favorable propSrties that should be preserved. They are 
equivalency, conformality, equidistance and constant bear-
ing (direction). Equivalency is that of trying to keep a 
co"rrect representation of area. In other words the property 
• of equivalency in a projection will show the area of a port-
ion of the earth exactly as it is on the globe. Conformality 
l 
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or orthomorphism, is the correct representation of shapes. 
Equidistance is the maintaining of a correct measure of 
distance~ on the map as well as on the globe. Constarit 
bearing is the preservation of a straight line of a particu-
lar direction on the globe. Equivalency, conformality and 
equidistarrce are all mutually exclusive. Lines of constant 
bearing can be found with any one of these properties on the 
same projection. A projection can be designed that will 
consist of some of these properties but will never contain 
~11 of them .. That can onl~ be found on the gl6be. 
The purpose of this study is to examine the various 
properties of area, shape, distanc~ an~ direction inherent in 
the most widely used projections and·to determine their suit-
ability for particular maritime interests. A distortion in 
any one of these properties can alter a country's limits and 
possible use of its offshore area. An attempt is made to 
.find. the most appropriate impression of the desired areas, 
pointing out the advantages and disadvantages o~ the 
projections inv6lved. 
As a basis for comparison, the 200-mile. of£sh6re boundary 
system as presently proposed at the Third Law of the Sea 
Conference will be used. There.are three types of boundary 
delimitation~ The first is the uninhibited 2O0-mile envelope 
type, unobstructed by any other national claim. This will be 
used when there is a distance of at leas.t 400 miles between 
the shoreline of one country and another. The second 
boundary delimitation type is used when the dist~nce of 
3 
shoreline to shoreline between two countries is less than 
400 miles. fn this case, a line of equidistance or a median 
line is drawn. It is drawn so that every point on the 
boundary.line is at an equal distance from .the opposing 
shoreline. The third type of boundary delimitation is also 
called a· line of equidistance or median line. This is a 
boundary line beginning from a point on the shoreline where 
the landboundaries.of two adjacentcountries meet, extending 
seaward till it reaches either the envelope or median 
boundary line. 
The many special circumstances and special rights that 
can be claimed by certain c.ountries, such as straight base-
lines 1 ind historic rights will not receive consideration in 
~his study. Thes~ problems are still under much debate at 
the Law of the Sea Conference and have no beating on the 
results of this investigation. 
There are various uses of the enclosed maritime boundary 
area. They can have political, visual, navigatlonal or ter-
ritorial· imp1icatione. Each application demands dif.ferent 
projections. The uses of the boundary areas have been 
grouped here into general classifications that incorporate 
as many of the interests as possible. Each iriterest will be 
1
straight baselines are us~d along a coast which is 
deeply indented and cut into, or if there is a fringe of 
islands in its immediate vicinity. The line is drawn along 
the outer perimeter of promontories. and isla.nds. All waters 
landward from the line are internal. The boundary line is 
drawn seaward frpm the straight baseiine. 
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coordinated with the preservation of one 6f the classificat-
ions -of distortion. Interests such as maxi~um fishing area, 
control over continental shelf exploitation and shipping 
passage that deal with aeral distortion will form one cate-
gory. The same will be true for the other distortion 
qualities of shape, distance and direction. 
Review of Literature 
Many articles and books have been wrjtten about map 
projections and their characteristics. The majority of the~ 
fall into a category that describe projections in general, 
giving the common properties of the more commonly used 
projections. Some typical examples of these are Burnham 
(1934), Stewart (1943), Robinson (1949), Strahler (l951); 
Bowyer (19_59), and Steward (1970). For the purpose of this 
analysis, the information contained in. these articles provid-
ed useful background information. Another category of 
literature deals with a single particular projection and 
examines it in great detail. These writings ranged widely 
in terms of their utility for this study. They included 
·explanations on the technical, geometric and trigonometric 
constructions, information on distortion, map manipulation 
and other aspects of projections. Sources of this nature 
include Steers (1927), Robinson (1943), Barr (1947), Robinson 
(1951), Hirt (1960), and Roblin (1969). The source by Steers 
contains formulas and gives directions for the construction 
of projections which are used in this thesis. A third group 
5 
of articles deals specifically with the properties of pro-
jections. Other literature describes the role of maps in 
boundary disputes. For the construction of boundaries, the 
most informative account is th~t of Robert D. Hodgson, the 
U.S. Geographer (1975) ~ It gives the necessary information 
foi the construction of an equidistant boundary and describes 
the types of projections that would be best suited for a 
"fair" boundary demarcation at all latitudes of the globe. 
The search of literature was valuable only to a limited 
extent. It gave the necessary background and historical 
information needed to understand the problem of boundary 
delimitation using various· types of projections. Most of the 
data used for analysis in this study was derived from a 
series of maps constructed by the author. Some specific 
literature; however, provided the necessary technical infor-
mation for_ the construction of the speci~l~purpose maps. 
For accurate delimitation of national maritime boundar-
_ise, the territory enclosed by each boundary and the marine 
related interests wi~hin it; a correct choice of map pro-
jections is mandatory·. The selection of an inappropriate 
.projection can lead to a highly misleading data representat-
ion and hence be disadventageous to the coastal country· 
involved. 
Hypothesis 
For each marine interest there is a choice of pr6ject-
ions that will be appropriate for application to each study 
6 
area~ Depending on which proj~ction the maritime boundaries 
are drawn between cou_ntries, the area enclosed will differ 
by a noticeable margin. Thus ~epending on the location on 
the face of the earth, and the marine related activity to be 
shown, this study attempts to present the optimal projection. 
It is hypothesized that with the proper choice of project-
ions, in relation· to the study areas, the most ~quitable 
maritime boundaries can be established. 
Study Area 
The areas that have been cho~en for study are represen-
tative of almost any position, along similar lines of latit-
ude and longitude on the globe. For every. place on the 
earth's surface there are a number of map projections that 
can be used to-represent a given area. Each projection shows 
a selected area in a different- way according to the type of 
projection used. A particular map projection will change a 
study area depending on its latitudinal position. In other 
words, a proj~ction at the ~quator will create one kind of 
distortion while the same projecti6n located nearer to the 
poles may create a completely different impression because 
of the curvature of the lines of longitude. Along the 
equator the meridians begin to converge, finally joining at 
the poles. 
· Because of this cartographic fact, three very different 
study area have been chosen. Since the north-south orientat-
ion is important in projection distortioh, the study areas 
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were chosen to cover as much a.s the latitudinal . spectrum as 
~ossible. There is no difference with the 9raticules of 
lbngitude and latitude between the northern and ~outhern 
hemispheres. The northern hemisphere ~ere cihoseh because 
the larger amount of land mass, enclosed seas and diversified 
coastline gave a greater selection to choose. from. The 
relative location. of the study areas are shown in Figure 1. 
The equatorial study area chosen·is Insular Southeast 
Asia, excluding the Philippine Islands. It has a north-
south latitudinal spread from 15° South to 15° North. Only 
four countries are included in this group. They are Brunei, 
Indonesia, Malaysia and Portuguese Timor. The Territory of 
Ocussi, belonging to Portugal, was drawn on the maps but not 
measui:-ed because its size is too small to show any apprecia;_ 
ble differences from map to map. Similarily, Singapore was 
omitted.because the size of the territory prevented measur-
ihg an accurate boundary. In additi6~, the distortion 
change from one projection to another would be too minute 
to measure. 
The mid-latitudinal study area is the Mediterianean Sea 
and the countries that border on it. The study area has a 
north-south latitudinal s·pread from 25° North to 50° North. 
The countries surrounding this enclosed sea are: Spain, 
Franc~, Italy, Malta, Yugoslavia, Albania, Greece, Turkey, 
Cyprus, Syria, Lebanon, Israel, Egypt, Libya, Tunisia, 
Algeria ·and Morocco. The country of Monaco and the Terri-
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The northern, or polar itudy area encompasses the 
territory around the Bering Sea. It has a lati~udinal 
spread from 45° North to 75° North. It includes most of the 
State 0£ Alaska and the eastern portion of the U.S.S.R. 
known as the Chukotskiy Peninsula. The eastern border of 
Alaska is cut off at 140° West longitude and the Chukotskly 
Peninsula has a western border of 170° Eas~ longitude. This 
area was chosen because it was the northern-most area in 
which a boundary conflict could potential_ly occur. 
Sine~ this siud~ foc~ses on maritime bouhdari~s, only 
the coastal portions of many countries are shown. This is 
especially true for the 6blique, Mediteiranean Sea area. 
This allows maps of a larger scale, with greater accuracy to 
be constructed. Each of these sf~dy areas oc6upies a 
position extreme enough (equator, mid-latitude, polar) to 
encompass the realm of possible distortive elements for 
each projection. 
CHAPTER II 
NATURE.AND PROPERTIES OF MAP PROJECTIONS 
The development of map projections can be traced ·far 
into the past, yet the study of projections, their properties 
and uses still continues, and has important implications in 
the world today. Each projection takes information from the 
globe and represents it.on a plane surface in its own unique 
way~ According to Robinson (1969), the actual process of 
transformcltion is called· projection, and the term "projection" 
stems from the fact that many ways of transformation can be 
accomplished by geometrically "projecting" with lines or 
shadows, the homologous points from the sphere to a plane 
surface. Actual geometric projection from the sphere to the 
plane includes only a few of the possibilities, however, 
there are many possibilities for the retention of significant 
earth relationships that can be worked out mttthematically. 
These are also called projections, but no useful purpose is 
served by attempting to distinguish between geometric and 
mathematical projections. 2 During the early stages of· 
projections, development which dates back to Before Christ 
(B.C.) the perspective (projected) type projection served 
2 A.H. Robinson, Elements of Cartography, (New York: 
John Wiley and Sons Inc., 1969), p. 200. 
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the limited needs of the ~ap users. Shalowitz (1964) states 
that one objection to the persepective projections is that 
in their use one is limited to the properfies whith they 
already possess; they cannot be made to satisfy any special 
conditions which may be of importance in the particular 
mapping under consederation, or they may possess features 
which are not desirable on the map or chart. 3 
With the advent of trigonometry and more widespread 
application of maps, an entirely new phase of map projections 
was. created, the "mathematically projected" projections. 
Mathematical and perspective projections, both of which are 
used in this study, can be grouped according to the global 
properties they preserve, such as equivalence, equidistarice, 
conformality and constant bearing or direction. They can be 
grduped as to whether they are geometric, trigon6metric or 
sheer mathematical projections. Another method of classifi-
cation is based on the projection surface, the kind of 
pl~ne, cone or cylinder a projection is transformed onto. 
Accordingly they are known as Azimuthal, Conic and Cylindri-
cal. • It is this approach of classifying projections that has 
been applied in this. study. See Figure 2. 
Concerning the Azimuthal projections, Richardus and 
Adler (1972) says that they have certain characteristics 
specific to their class, namely that they are theoretically 
3A. Shalowitz, Shore and Sea Boundaries ~ol. 2, (Wash-








and actually "projected" on a plane from the spherical datum 
surface. They are often called perspective projections, the 
4 
term originating from the generation process employed. In 
this class of projections, a plane, or sheet of paper _is 
assumed to touch the globe at a single point. This point of 
tangency may be at either pole, along the equator ar any point 
inbetween. Thus they are referred to as Azimuthal Polar, 
Azimuthal Equatorial and izimuthal Oblique projettions 
respectively. Within these three azimuthal types fu·rther 
vari~tion can be created depending on how the_ geographical 
grid i~ projected from. the globe to the plane surface. As 
the light in a transparent globe is moved from the center, to 
the edge-opposite the point of tangency and beyond to infin...;. 
ity, _a different ~ariety of Azimuthal projection will result. 
Another unique property of the Azimuthal class is Great 
Circles. If the projection plane is t~ngent to the data 
source on the globe there is no deformation of any kind at 
the center. In such a case, all great circles passing 
through the point of tang~ncy will be straight lines on the_ 
projection surface, showing correct azimuths from the center 
to any point, hence the name Azimuthal projections. An 
azimuth. is a true compass bearing, so all a.zimuths from the 
point of tangency are true. F6r exampl~ in the ca~e of an 
_Aiimuthal Polar projection, with the pole as the p6int of 
4P. Richardus and R.K. Adler, Map Projections: for Geo-
. desists, Cartographers and .Geographers (New York: American 
Elsevier, 1972), p. 57. 
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tangency, the azimuths would be the meridians. 
Conical.projections have their own characteristics. 
While Azimuthai ptojections are projected onto a plane tan-
gent at one point, conics are based on a line of tangency. 
Theoretically a cone i~ wrapped around the globe and ·the 
graticule network (lines of longitude and latitude) is 
projected onto the cone by a light·source similar to the 
proceedure previously mentioned. This _line of tangency is 
called a Standard Parallel; more than one of such lines can 
be used in. the construction of cone based projecti6ns. A 
conic projection can show any protion of the globe, but usu-
ally no more than one hemisphere at a time. Along the 
Standard Parailel the scale is always correct, so when 
constructing a conic projection for a certain area, the 
correct placement of one or more Standard Parallels is 
critical. The area with the least distortion will be that 
on and near the Standard Parallels. 
Cylindrical projections are those constructed arotind a 
cylinder. Theoretically a cylinder is wrapped around the 
globe and the graticules are projected onto it resulting in 
a cylindrical projection when unrolled. According to Steers, 
"The cylinder need not touch .the ~quator; it may 
encircle the globe along any great circle. How-
ever, directly some siight calculations are employed 
in the equatorial case, useful modifications_can 
be made. If·the area between any two lines of 
latitude is preserved correctly, we have the cylin-
drical equal-area; if the exaggeration of·the 
longitude scale is ~ade to increase in the same 
proportion as the latitude_scale, we have the 
15 
Mercator or Cylindrical Orthomorphic Projection." 5 
As· for the conical projections, a line of tangency forms the 
basis for construction of the cylindrical projection. All 
the cylindrical projections used in this study are based on 
a line of tangency that follows the equator. 
From the classification system of Azimuthal, Conic and 
Cylindrical types, the following list of projections were 








Albers Equal Area 
Bonne's 
Conic w/2 STPs* 









In .applying ihese sixteen projections to the three study 
areas a total of forty-eight maps resulted. However, due. to 
various-construction difficulties, nine of them had to be 
eliminated, reducing the final selection to thirty-nine maps. 
In the following pages a summary of the. 12redominant 
characteristics of each projection are presented. It 
should be pointed out that for the Azimuthal classificatioi 
there is a separate listing for each projection, both 
polar and equatorial. Only in this group do the projection's. 
SJ~A. S~eers, An Introduction to the Study of Map Pro-
jections, (London: University of London Press, 1927), p. 132. 
* w/2 STPs means with 2 Standard Parallels. • 
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characteristics change from one study area to another. The 
conic and cylindrical projections are in on~ listing each 
because their characteristics remain the same regardless of 























AZIMUTHAL EQUAL AREA (Polar) 
Concentric circles becoming closer ~way 
from the poles. 
Straight lines radiating outwards from the 
poles. 
Meridians and parallels m.eet at right' 
angles. 
Decreases away from the poles. 
Increases away from the poles. 
Withiri ·30° of the pole the shape of land 
is well preserved, because there is only 
·slight compression of lat. from N. to S. 
and only a slight corresponding str.etching 
from· E. to W. 
Equal area. 
True direction from the center of the map 
(the pole) is maintained by a straight line. 
Only half the globe can be shown. All 
straight lines drawn through the center 
point are Great Circles. 
Good for representing polar areas. Suit-
able for distribution and measuring 
distances from the center point. 
Mathematically projected upon a plane 
























A~IMUTHAL EQUIDISTANT (Polar) 
Concentric circles with the pole as the 
center. Drawn their true distance apart. 
Straight line~ radiatin~ from the pole. 
Drawn their true angular distince apart. 
Right angles. 
Correct. 
Progressively exaggerated away from the 
pole. 
Not Orthomorphic, but r~asonable shape 
within 30° of the pole. Equator-wards 
of this; progressive E.-W. elongation. 
Areas exaggerated progressively polewards; 
Equidistant; direction and distance from 
the center of the map (pole) are correct. 
Only half the globe can be shown. 
Straight lines drawn throu~h the center 
point are Great Circles. 
General purpose maps of _Arctic areas. 
Polar exploration ,and to some .extent polar 
navigation~ Used to measure distances 
frGm a center point to all other points. 
Mathematically projected upon a plane 
tangent _at the pole. Dates from the 16th 
century but was brought into prominence 























AZIMUTHAL GNOMON~C (Polar) 
Concentric circles with the pole as center~ 
Straight lines their true angular distance 
apart and radiating from the pole. 
Right angles. 
Progressively increases away from the pole. 
Progressively increases away from the pole. 
Reasonable shape within 30° of the pole, 
but equatorwards of about 60° lat., very 
rapid and great elongation of areas from 
E~-W. • • 
Areas progressively exaggerated equator-
wards. Exagg~ration is pronounced 
equator~ards of 60° lat. • 
Direction· from the cen.ter of the map (pole) 
is Correct. Any st~aight.line drawn on 
the map is a Great Circle. 
Navigational and general purpose maps of 
Arctic. areas. Used in conjunction with 
Mercator for navigation. Substitutes for 
the Merc~tor in polar latitudes. 
Geometrically projected upon a plane 
tangent at the pole. Source of light for 
th~ projection is at the center of the 
projecting sphere. Considered to be the 
oldest true projection. Credit is given 
to Thales, father of abstract geometry, 























AZIMUTHAL GNbMONIC (EquatoriaL) 
The equator, a Great Circle, is ·represented 
by a straight line. Other parallels are 
composite curves, more markedly curved 
polewards. 
Parallel straight lines at right angles to. 
the equator. All Great Circles, including 
Meridians are represented by straight lines. 
Equator cuts straight meridians at right 
angles. Parallels cut meridi~ns increas-
ingly obliquely; towards the margins of 
the map and polewards. 
Increases progressively polewards. 
Exaggeration along successive meridian~ 
is progressively greater E. and W. of the 
central meridian. • 
Progressive exaggeration polewards. 
Shapes ~rogressively elongated N.-a and 
E.-W. away from the equatoi and central 
meridian respectively. Shape is reason-
ably·represented within 35° of both the 
equator and the central meridian. 
Area exaggerated progressively N.-S. and 
E .-W. away from the equator and central° 
meridian iespectively. Area is reason-
ably represented with 35° of both the 
equator and the central meridian. 
Direction from the center of the map is 
correct. Any straight line _drawn on the 
map is a Great Circle. 
Gives good representation of areas near the 
center of the projection piovided they do 
·not extend more than 35° in any .direction. 
Because of correct direction from the center 
and representation of a Great Circle by i 
straight lin~, it is suitable for Africa 
and tropical South American_ areas. 
Mathematically projected on a plane tangent 























AZIMUTHAL ORTHOGRAPHIC (Polar) 
Concentric circles becoming closer towards 
the outside edges of.the map. 
Straight lines radiating outwards from the 
pole. 
Right angles. 
Decreases away from the poles. 
Progressively exaggerated away ·from the pole. 
Shape is not correctly represented .. 
Area is not correctly represented. 
True direction from the center point. All 
straight lines drawn through the center 
point are Great Circles. 
Pictorial representationi of the earth 
similar to a satell~te photo. Good for 
illustrations in books on political or 
military strategic problems. 
Geometrically projected upon a plane. 
Point of projection is at infinity. An 
ancient projection used chiefly as an 
artistic representation of the globe 
during the Renaissance. It has had a 























AZIMUTHAL ORTHOGRAPHIC (Equatorial) 
Straiqht parallel lineg. 
Composite curves, not arcs of circles and 
elipses. 
Central.meridian and parallels meet at 
right angles. 
Decreases away from the equator. 
Decreases away from the Central Meridian. 
Shape is not correctly represented . 
Area is not correctly represented. 
Direction is not correctly represented. 
A good visual relationship between 
countries. Great distortion in the areas 
on the margins Of the hemisph~re. It i~ 
rarely used because of this. 
Geometrically projected upon a plane. The 























AZIMUTHAL STEREOGRAPHIC (Polar) 
Concentric circles, the distance between 
them increasing away from the poles. 
Straight lines radiating outward from 
the poles. 
Right angles. 
Increase~ away from the poles. 
Increases away from the central meridian. 
Conformal (Orthomorphic). 
Area is not correctly represented. 
True direction from the center point (the 
pole). All straight lines drawn through 
the center point are Great Circles. 
It can cover up to one hemisphere. Used 
for navigation in high latitudes. 
Mapping distributions where positions are 
important. Plotting ranges from radiating 
objects. Important because of long range 
missle a:nd aircraft operation ov~r the 
poles. 
Geo~etrically projected upon a plane. 
Point of projection is opposite the point 
of tangency. Dates from the 2nd. century 
B.C. and is ascribed to Hipparchus, a 
Greek astronomer .. Also known as the Azi-
muthal Conformal Projection. Basis for 
the Universal Polar Stereographic Military 
Grid System for latitudes between 80° and 
the poles. It is used for World Aeronau-
tical Charts by the U.S.G,S. scale 
1:1,000,000 for latitudes 80° to the poles. 
U.S.Weather Bureau daily weather map is 























AZIMUTHAL STEREOGRAPH-IC (Equatorial) 
Arcs of circles. 
Ar6s of ciicles. 
Right angles. 
Increases away from the equator. 
Increases away from the central meridian. 
Shape is not correctly represented._ 
Area is not correctly represented. 
Direction is not correctly represented. 
Mapping distributions where positions are 
important. 
Geometr.ically projected upon a plane. 
























ALBERS EQUAL AREA 
Concentric circles. 
Straight lines that meet at a common 
point beyond the limits of the map. 
Right angles. 
Between the 2 Standard Parallels the scale 
is too large. Outside of them it is too 
small . 
Scale along the Standard Parallels is 
correct. Scale between the 2 ~tandard 
Parallels is too sm~ll, outside it is too 
large. 
Shape is.not correctly represented. 
Area is not correctly represented. 
Direction .is not correctly represented. 
Mapping distributions where aeral size 
relationships are important at continent 
or lesser size. 
Mathematical projection, projected on a 
cone with 2 Standard Parallels. Developed 
























Concentric circles the correct distance 
apart. The pole is represented by a point. 
·Composite curve~, not arcs of circles. 
Only the Central M~ridian cuts the parall-
els at right angles. Obliquity between the 
meridian~ and parallels increases towards 
the margins of the map. 
tricreas~s progressively towards the ma~gins 
of the map, especially in the middle and 
high latitudes. Along the Central Meridian 
the scale i$ correct. 
All correct. 
Shape deteriorates with increasing distance 
from the Central Meridian, especially in 
middle and high latitudes. 
Equal area. 
Direction is not correctly represented . 
Suitable for areas in one hemisphere 
provided that the·E.-W. extent is not too 
great. General purpose, distribution and 
statistical maps. 
Developed by the French engineer Rigobert 























CONIC WITH 2 STANDARD PARALLELS 
Concentric circles, the correct distance 
apart. The pole is represented by an arc 
of a c.ircle. 
Straight lines converging on the center of 
the crirvature of the parallels. 
Right angles. 
All correct. 
Scale along the 2 Standard Parallels is 
correct. Those between the 2 Standards 
are too short. Outside the Standards, the 
scale increases progressively. • 
Not orthomorphic, although an improvement 
on the One Standard Parallel Conic. Land 
masses are elongated E.-W. progressively 
polewards and equatorwards of the 
Standard Parallels. 
Not equal area. Incr~asing exaggeration· 
of area polewards and equatorwards of the 
Standard Parallels. 
Direction is not correctly represented. 
An improvement on ~he One Standard Parallel 
Conic. Error of parallel scale is more 
evenly _spread, but areas are increasingly 
exa~gerated beyond the Standard Parallels 
as the meridians become increasingly 























LAMBERT CONICAL EQUAL AREA 
Concentric circles ~etting farther apart 
away from the poles. 
Straight lines that mat or may not be 
radiating outward from the pole. 
C~ntral Meridian cuts the parallels at 
right angles. 
Increases south of the Standard Parallel. 
Decreas~s north of the Standard Parallel. 
Correct along the Standard Parallel. 
Decreases south of the Standard Parallel. 
Increases north of the Standard Parallel. 
Shape is not correctly represented. 
Equal area. 
Direction is not correctly represented. 
Suitable for mapping aeral distributions. 
























Arcs of circles, but not concentric. 
Each parallel has its own radius. 
Curved lines but not arcs of circles. 
Central Meridian cuts parallels at right 
angles. Increasing obliq_ui ty away from 
the Central Meridian. 
Correct only along the Central Meridian. 
Increasing exaggeration away from the 
Central Meridian. 
All correct. 
Shape badly distorted as meridians become 
progressively elongated away from the 
Central Meridian. 
Areas increasingly exaggerated away from 
the Central Meridian. 
Direction is not correctly represented. 
Suitable for relief maps, but only for 
small areas. It is the basis for the 
International Map on a scale of 
1:1,000,000. Because of its suitability 
for large scale maps of relatively small 
areas, it is of great interest to photo 
interpreters. 
The U.S.G.S devised it and used it as a 
base map in their early topographic series. 
Originator was Ferdinand Hassler, first 























Concentric circles, the correct distance 
apart. The pole is represented by an arc 
of a circle .. 
Straight lines converging on the center of 
curvature of the parallels. 
Right angles. 
All correct. 
Correct along the Standard Parallel. All 
other parallels are too long. Exaggeration 
is progressively increased polewards and 
equatorwards of the Standard Parallel. 
Shapes are increasingly badly distorted 
away from the Standard Parallel. They are 
badly stretched E.- W. 
Exaggeration of area irtcreases rapidly 
polewards and equatorwards of the 
Standard Parall~l-
Direction is not correctly represented. 
Cannot be used for areas of great extent 
in latitude. Suitable only for small 
countries, with not more than 10° extent 
























Straight lines of correct length and 
correct distance apart. 
All except the Central Meridian are sine 
curves. 
Only the Central Meridian cuts the parall-
els at right angles. All others are 
increasingly oblique to the parallels. 
Increasingly exaggerated E. and W. of the 
Central Meridian. 
All correct. 
Very bad peripheral distortion of shape. 
Extreme eastern and western margins 
elongated and pulled out of upright. 
Equal :area. 
Direction is not correctly represented. 
Seldom used fot the whole globe wi.thout 
interruption. Gives ,a good equal area map 
of continents lying astride.the equator. 
with re1atively small E.- W. eitent. 
Mathematical projection. Invented by 
Mercator late in his life. Sometimes 
called the Mercator Equal Area. Was used 
extensively by Sanson and Flam~teed in the 
17th and 19th centuries; and is also 























CYLINDRICAL EQUAL AREA 
Parallels are straight lines and parallel. 
Meridians are straight lines and parallel. 
Right angles. 
Diminishes polewards. At any point it is 
as much too small as the parallel scale is 
too big. 
Equator is correct, all others exaggerated 
as the secant of the ·latitude. 
Badly distorted polewards of 45° latitude. 
Shapes elongated E.- W. but compressed • 
N.- s. 
Equal area. Meridian and parallel scales . 
compensatory. 
Direction is not correctly represented . 
. Good for distribution maps in tropical 
areas. 
























Parallels are straight lines and parallel. 
Meridians are straight lines and parallel. 
Right angles. 
Increases progressively polewards in the 
same ratio as the exaggeration of the 
parallel scale. 
Equator is correct, all others exaggerated 
polewards as the secant of the latitude. 
Conformal (0rthomorphic) ~ correct for 
infiniteiy small areas. Large areas with 
great extent in latitude are top h~avy. 
Area .is greatly exaggerated polewards as 
the square of the secant of the latitude. 
Any straight line is a line of constant 
bearing ie. a rhumb-line or a loxodrome~ 
Great Circles.are curved lines convex 
polewards. 
Especially suitabl~ for air and sea 
navigation or any purpose for which_ 
representatiori of direction and shape is 
required. 
Mathematically projected upon a cylinder 
tangent at the equator. Dev~loped by 
Mercator in 1569. Sometimes it is called 
























Parallels are straight lines and parallel. 
Lines get closer together polewards. 
Elipses, except the Central Meridian which 
is a straight line. 
Only the Central Meridian cuts the parall~ 
els at right angles. All others are 
increasingly oblique to the parallels 
towards the E.- w. margins. 
Central Meridian ls too short. Increases 
away from the central, and eventually 
becomes progressively exaggerated. 
Equator and other parallels to about 45° 
latitude are too short. Between 45° 
latitude and the poles, the parallels are 
too long~ 
Bad peripheral distortion of shape. Shape 
within 30° of the Central Meridian is good. 
Equal area. 
birection is not 6orrectly represented. 
Peripheral distortion of shape handicaps 
its use for the entire globe, but 
~nterruption and recentering improves the 
shape. Good for mapping distrobutions. 
























Parallels are straight lines and 
parallel. 




Equator is correct, all others exagger-
ated as the secant of the latitude. 
Not Orthomorphic. The tropical areas 
are of reasotiable shape, land masses 
stretched E.-W. in higher latitudes. 
Not equal area. Areas progressively 
exaggerated polewards. 
Direction is not correctly represented. 
Its use is restricted to tropical areas. 
It is rarely u~ed. Equal area projections 
are more suitable. 
Sometimes known as the Plate Carre'e. 
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CHAPTER III 
DISTORTION AND MARITIME BOUNDARIES 
Regardless of what type of transformaiion process is 
used to create a projection there- will always be a distortion 
in area, shape, distance or direction. The correct under-
standing and manipulation of these distortion propertie~ can 
be inv~luable to marihe mapping and hence to the maritime 
policy making for sea 6riented na£ions. 
A working knowledge of area distortion is a valuable 
asset to cartographers of such nations, for example by con~ 
troling distortions, a maritime country may be able to stretch, 
expand or reduce its national median line boundaries t6 include 
or exclude portions of neighboring areas. When the spherical 
characteristic of area is retained, the process is known as 
equivalence or equal area. As appropriately explained by 
Robinson (1969), "If a system of projection is employed such 
that the product of the scales in directions that are perpen-
dicular on the projection and on the globe is equal at every 
point, then all areas of figures on the piojection will be 
represented incorrect relative size. 116 Such a projection, 
near the area of tangency, can have the scale constant in all 
directions at only one or two points or along one or two lines. 
6A.H. Robinson and R.D. Sale, Elements of Cartography 
(New York: John Wiley and Sons Inc., 1969), p. 207. 
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At all other places away from the area of tangency, the 
scale will be different in different directions from each 
point. Tpis means then, that the angles around all such 
points will be deformed. 
Area distortion is quite different than shape distort-
ion which is otherwise called angular distortion. Everywhere 
on the globe a compass rose will appear the same. This 
property of angular relatio~s can be reiained to some extent 
on ~eitain projections. When this is acicomplished, th~ 
projection is called conformal or orthomorphic.· Robinson 
(1969) asserts that, "It is important to understand that 
these terms apply to the directiotis or angles that obtain at 
infinitely small points. The property of conformality is 
not meant to apply to areas· of any significant dimension, 
since no projection can provide correct shape to ar~as of 
any extent. 117 On the globe, the scale is correct everywhere. 
On.a projection, because of the necessary exp~nsion and 
compression of areas, the· sea-le is not the same at al 1 
places. With a confoimal projection, it is possible to 
arrang~ the.stretchifig arid compression so that at ~ach 
point the scale is the same in all directioris, but it must 
vary from point to point. If a uniform scale is maintained 
in all dir~ctions around each point, then all directions 
around each point w~ll be represented correctly, and the 
parallels and meridians will intersect at right angles. 
7 . 
Ibid., p. 206. 
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This does not mean however that every projection with lines 
of longitude and latitude crossing at 90° angles is conformal . 
. Suppose a graticule formed by lines of lon~itude and latitude 
_on the globe for~ed a square. All four ang~es ~ould be 90° 
and a diagonal running from one corner to the opposite 
would bisect it into two 45° angles (Figure3). If a graticule 
was proj~cted onto a plane in the ·form of a rectangle, the 
four angles would also b~ 90° each but the diagonal would 
strike an angle different from the square~ In this case the 
projection would not be orthomorphic, even ·though its 
parallels and meridians crossed at right angles. 
• By examining the scale requirements for equivalence and 
conformality it can be seen that they are contradictory. No 
projecition can be both e~uivalent and conformal .. All confor-
mal projections will present similar shapes with unequal 
sizes and all equal-area projections will retain area and 




The ability to control distortion in distance and 
direction consequently plays an important role for the 
maritime nation. it is important to know about distance and 
its distortion when it comes to constructing maritime bound-
aries, especially in the case of an equidistant type bound-
ary between two neighboring and opposite nations. It is 
obvious that all map projections represent distances correctly, 
provided the variations in the scale are known. It is 
generally understood that distance representation is a matter 
of maintaining consistency of scale. For distances to be 
represented correctly the scale must be uniform alortg the 
particular line involved. Distance, or scale, may be main-
tained in one direction, for example along a meridian or a 
parallel. When· scale is preserved along a lirie, it is 
referred to as Standard. _Scale may also be maintained in all 
directions from one or two points. Projections where such 
characteristics prevail ar~ called equidistant.· 
It is impossible to represent all global directions on 
the map with a straight line. Conformal projections repre-
sent angular relationships aiound each point correctly and 
the scale can be arranged so as to obtain straight ~humb 
lines or Great Circles. Robinson (1969) states that, "No 
projection can show true direction in the proper sense that 
all great circle~ will be shown as straight lines t~it will 
have the same angular relations to the graticule of the map 
that they have with the earth's.graticule. 118 
8 Ibid. , p. 2 0 8. 
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Based on the Mercator prcijection, the rhumb line 
(Lo~odromic curve), is stiaight and cuts all meridians at~ 
constant angle. It follows then, that since the meridians 
on a Mercator chart are parallel, the direction or bearing 
of a rhumb line between any two points on the chart can be 
measured with a protractor from the nearest meridian or from 
the. compass rose at ·any convenient place on the chart. The 
projection being conforma·1, directions and angles are correct-
ly • repre:sented. On the other hand, Shallowiti says· that a 
great circle ( Orthodromic curve)·, which. represents the :short-
est distance between two points on the surface of the earth, 
appears as a curved line on a Mercator chart concave toward 
the equator. Exceptions to this are the great circles· 
represented by the prime m~ridian ~nd the equafor which are 
straight lines on this type of projection. 9 When directions 
are properly defined as great circle bearings and if correct 
direction•is shown as a great-circle being a str~ight line. 
on the map having the proper azimuth readings with the 
meridians, two types of representations can be shown. G~eat 
circle arcs between all points may be shown as straight 
lines for a limited area. Secondly, straight great circles 
-with correct azimuths may be shown for all directions from 
one or two points. These projections are c.alled azimuthal. 
The preservation and the positive and negative deform-
ation of each of these qualities should be an integral part 
9A. Shalowitzr Shore ·~nd Sea Boun~aries Vol. 2, (Wash-
ington D.C.: U.S. Coast and Geodetic Survey, 1964), p. 246. 
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of a maritime nation's policy formation concerning the 
demarcation of its offshore boundaries. As pointed out, a 
strai9ht. line on the globe may appear to be curved on certain 
projections. This distortion becomes proportionately greater. 
as the area covered by the map increases. Geometrical lines 
drawn on flat surfaces may have different properties from 
lines through corresponding points on.the earth. For example, 
on th~ Mercator and some other pr6jections; parallels of 
latitude are itraight lines. On the earth they are curves. 1~ 
By having a knowledge of projection deformation and manipu-
lation, one could possibly add many square miles of property 
which otherwise could be lost to a neighboring nation. 
Boundary Delimitation 
The determination of the actual construction of the 200-
mile offshor~ boundaries and th~ equidistant (median line) 
boundaries -are technically complex and politically sensitive. 
Usu~il~ three types of lines are in~olved iri the construction 
of offshore boundaries but they vary d~pending on the kinds 
of limits required (Figure 4). The first is the envelope 
. . 
type which is formed .by 200 mile arcs emanating from points 
.on·the nqtion's shoreline. The second is an equidistant or 
median line bound.ary between two or more nations on opposite 
sides of a water body. The third boundary type used is the 
10 S.B. Jones, Boundary Making, (Washington D.C.: 












lateral boundary. This is a line of equidistance emanating 
from the point on the shoreline where the land boundary of 
two adjacent countries ends, seaward till it inters~cts with 
the me.dian l_ine or envelope boundary line. 
The techniques of constructing the 200-mile envelope 
boundary line is a fairly straight forward procedure. As 
described by Pearcy (1959) a boundary can be marked on a chart 
by constructing an envelope of arcs of circles. Arcs of 
circles are swung from every point along the coast in order 
to project the outermost li:r:nit as far seaward as -possible. 
In this way every point on the line denoting this limit is 
neither more than nor l.ess than 200 miles from· the closest 
coastal point. 11 The maps made for this study were based on 
the same construction principals. An ordinary bow compass 
was used, a 200-mile radius was set on it corresponding to 
the scale in the area to be delimited, and the arcs were 
drawn. The compass arcs were made from the same points on 
each map in order to achieve some comparability. No matter 
what the projection is, the arcs are still going to be 200 
miles away from the shoreline. It is the difference in 
scale that makes the distance seem to vary. 
The envelope boundary is not as suseptible to distortion 
as the equidistant boundaries. With the equidistant case, a 
change in the projection or location ·will cause a variation 
11 E.G. Pearcy,· Measurement of the U.S. Territorial Sea, 
(Washington D.C.: u~s. Department of State, June 29, 1959), 
p. 2. 
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in the distance of· the boundary from the shorel.1.ne, regard-
less of scale. 
The boundary line between two countries opposite each 
other whose coasts are less than 400 miles apart should be 
drawn diff.e_rently. According to Hodgson ( 197 5) , the boundary 
should as a general rule be the median line, every point of 
which is equidistant from. the baselines of the state concern-
ed. Unless otherwise agreed between the adjacent states, all 
islands should be taken into consideration in drawing the med-
ian line. Likewise, • drying rocks and shoals within 20·0 miles 
of only one state should be taken into account, but similar 
elevations of undetermined sovereignty, that are within 200 
miles of both states, should be disregarded in laying down 
the median line. 12 
Concerning the construction of the lateral boundary 
between two adjacent states, Hodgson states that, if not 
already fixed otherwise, they should be drawn according to 
the principle of equidi~tance from the r~spective coastlines. 13 
These were the methous used in drawing the two equidistant 
type boundaries. 
The same basic procedure outlined by Hodgion was follow-
ed and the same r~ference points along the coast to draw 
12 R.D. Hodgson, The Technical Delimitation of a Modern 
_ Eguidistan·t Boundary, (Washington D. C. : U.S. Department of 
State, 1975), p. 2. 
13 rbid., p. 3. 
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either the envelope arc boundary or the equidistant boundar-
ies were used .. The delimitation process-was accomplished 
with little complication because all sp~cial claims weie 
eliminated. Some of these special claims that can divert the 
boundary from the. median line are historic or special naviga-
tion and fishing rights. Circumstances such as these would 
add water area to certain countries and change the course of 
the boundary line. Acceptance of such a circumstance involve~ 
much deliberation with the nations concerned and at times are 
difficult to agree upon. Another method used for obtaining 
more na ti•onal territory is to _declare straight baselines. 
Basically this would mean a straight line would be drawn 
along a country's coast touching at specific points. Then 
the 200-mile boundary would be drawn from. this new straight 
line: This is frequently used by island nations and countries 
with a highly irregular coastline. However these claim have 
little bearing on this study and are therefore excluded from 
consideration. What is of consid~rable impoitance is that 
the areas within the boundaries of each country are treated 
and measured in the same way. The objective is to find out 
to what extent territorial wa~er bodies change by using 
different projections for the same countries'. 
How an individual maritime nation uses the projection~ 
can be broken down into diff~rent categories depending on 
what area, shape, distance and direction would·be most 
beneficial to a particular marine problem. Robinson (19691 
says that the notion that one projection is by nature. better 
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than another has insufficient basis in actual fact. Each 
projection is a device to use for a barticular purpose, and 
some will be good for one purpose and poor for anothe.r, but 
there is no such thing as a bad projection, there. are only 
poor ~hoices. 14 
Maritime Interests 
In examining the rneasuremen t of at·ca there clrC v.:ir ious 
reasons why a particular nation would want to deviate·from 
th~ true.global measurement. Nations near rich fishing 
grounds and.pot~ntial continental shelf resources would want 
.to maximize their enclosed boundary areas for the obvious 
reason of having more exclusive control over these resources. 
By havirig such control, a nation will ·be able to determine 
who has priorities to conduct scientific research and to 
exploit the resources. The larger the territory the more 
economic and political advantage may be obtained. 
The major reason why shape would be preserved is for 
viiual reasons. Conformal projections would give the best· 
viscial interpretation of the_globe, with the shapes of the 
countries and their boundaries correct. A dis~ortion in 
shape could be used for political leverage. By makin~ a 
cotintry's shape appear larger than it normally is, a 
psychological and perceptual advantage ~aY be gain~d. As 
Greenhood (1961) explains, the navigitor, the engineer, an~ 
14 A.H. Robinson and R.D.Sale, Elements of C~rtography 
(New York: John Wiley and Sons Inc., 1969), p. 218. 
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the military s·trategist • all ask for conformal maps. The 
shape of a country tells them what kind of mobilization and 
startegy to plan. ·The configuration of.neighboring shores 
may- help decide such developments as port facilities and 
h h d 
. . . . 15 
ot er s orevase activities. 
Eguidistance dr scale is.impossible to keep correct 
over an entire map. If a country wants a true equidistant 
boundary drawn, it would have to be drawn on the correct 
projection and near that seciion of the projection that 
preserves scale. If the a~ea to be delimited does not fall 
on a se~tiori of the map that maintains scale, then there 
will be an unequal division of area. For example if .a 
strait was to be divided between two countries on opposite 
sidei, a fair division would give both countries equal 
jurisdiction over the strait. An unequal or biased division 
would develop if the equidistant boundary was drawn on a part 
or a projection that does not preserve equidistance or scale. 
Th~ principle advantage of preserving constant bearing 
on maps would be to facilitate navigation. Boundaries drawn 
o.n maps that preserve constant bearing as a straight line, 
such as the Mercator mak~s Coast Guard protection of the area 
easier plus it may prevent ~ccidental trespassing of national 
territory. If tbe boundaries are drawn on a projection ·that 
distorts consta.nt compass bearing, patrolling o·f the enclosed 
15 
D. Greenhood, Mapping (Chicago~ The University of 
Chicago P:r:ess, 1964), p. 115. 
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area would be hindered by the difficulty of navigation~ 
According to the particui'ar needs of a nation's 200-
mile offshore boundary area, the correct choice of ~ap 
projectiOn is mandatory. I:fodgson asserts that th-e delimita-
tion commission must seek the map projection which will 
maintain, to the greatest degree possible, the aeral and 
angular relationships for the partidular boundary area to 
be deli~itea. 16 
16 ~.D. Hodgs6n, The Technical rielimitation of a·Modern 
Equidistant Boundary, (Washington D.C.: U.S. Department of 
State, 1975); pp. 19-20. 
CHAPTER IV 
CONSTRUCTION AND MEASUREMENT 
OF MARITIME BOUNDARIES 
This chapter deals with the delimitation of offshore 
boundaries and the measurement of various types of distortion. 
More specifically the problem of aeral and linear distortion 
are discussed and how they effect the accuracy of marine 
boundary delimitation. 
In order to preserve global representation, water bodies 
were chosen in the polar, mid-latitudinal and equatorial 
locations as earlier described. The selection was based on 
ocean orientated countries and areas where maritime boundary 
conflicts are more likely to occur. Such areas are straits, 
semi-ertclosed seas, large bays and island groups. 
The equatorial area is the Insular Southeast Asia area. 
The oblique area is ~he Mediterranean Sea and the countries 
that border on it. The northern-~ost area that had a 
potential boundary conflict was that· of the Bering Strait 
between the U.S.A. and the U.S.S.R. An area closer to the 
poles would have been better, but there was no suitable area 
to be included in this ·study. 
In the selection process of locations on th~ 9lobe the 
north-south orientation was of critical importance. In the 
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error, but in most cases it was s6 ~mall that ·it was 
insignifican~ in the final analysis. Such errors may h~ve 
· been due to the weight of a pencil line or the instruments 
used for measuring the distortions, but _in both cases the 
effect on the results were rather marginal. 
Just as important as the map constructiori is the 
measurement arid the gathering of information. Several 
attempts on how to measure deformation are briefly summarized. 
M.A. Tissot (1881) in his treatise on map projections 
developed a method for analyzing the amount and distribution 
of deformation. In this he employed a mental construct h~ 
called the indicatrix. 17 This involved an infinitely 
small circle on the globe, locited at the intersection of a 
line of longitude and latitude. When projected onto the plane 
this original circle will appear larger. or smaller if the 
angles have been preserved· or as an ellipse it the angles have 
not been preserved. By analysing the geometric changes, 
the magnitude of deformation can be calculated. From this 
method, def6rmational da~a in area, shape and scalar distance 
can be determined. Unfortunately this method can only. 
me~sure deformation at a point. It cannot give any indication 
of deformation rela~ionships between widely spaced points on 
a ~ap, and for ~his reason was not used in this study. 
Another alternative was proposed by O.M. Miller. He 
17 A.H. Robinson ~nd_R.D. Sale, Elements of Cartography 
(New York: John Wiley and Sons Inc~, 1969), p. 209. 
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covers the globe with a system of twenty spherical triangles, 
all equal-angle, equal-area and equal sides being great 
circle arcs. In projecting it, the triangles are maintaihed. 
The resulting pattern provides a m~thod of measuring area and 
angle deformation as well as a good visual representation of 
shape distortion. 18 It is a good method for comparing 
different areas, yet it is not useful in th~s investigation 
because the use of triangles as large as the ones required 
would serve no praticable purpose. 
Another method is to tabulate the characteristics of the 
earth's graticule and use them a~ a checklist against 'its 
transformed appearance on the map. 19 It is this method, 
slightly modified, that is used in this project. 
For distortion in area, the unit area of each country's 
200-mile offshore boundary is me~sured and compared to global 
qualities. To do this an. OTT Compensating Polar Planimeter 
was used. The meas.urements of this instrument are reasonably 
adcurate for the purpose in mind. The area was measured 
three times for increased accuracy and the obtained values 
were averaged. In the case of island nations ·such as 
Indonesia,. the total area was first measured and then any 
large significant islands were subtracted from the. total 
value. The multitude of small islands in the Aleutian chain 
18 • H.J. Steward, "Map Projections: Approaches and Themes,"· 
Journal of Geographi Vol. 69, No. 7 (October 1970): p. 398 .. 
19 rbid., p. 399. 
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or the Indonesian Archipelago were not m~asured because-they 
showed n6 significant readings o~ the planimeter~ Secondly, 
these small islands are also subject to the same type of 
_distortions. as everything else on the map. Once the values 
had been obtained, there was the problem of what to compare 
them to. A certain number of the chosen projections are 
equal~area projections. Abcording to their definition, the 
v~lue of area is preserved as it is on the globe. By 
calculating the average area values of the equal-area 
projections, a figure representing the global value was 
obtained. The di~torted values from the maps were then 
compared against the global quality. In this way the dist6r-
tion from the true, equal-area value could be measured. A 
table of the measured values can be fbund in Appendix I. 
The measuremerit of distortion in shape was perhaps the 
most subjective of all types of distortion considered. There 
does not seem to be any way of accurately measuring the 
amount of distortion from one map to another. As far as 
shape is concerned, Robinson (1959) states that shape distor-
tion does not appear to be suitable for measurement and 
exact expression, at least not at the present. The best 
attempts have been visually. 20 As a basis for comparison, 
maps that had the property of conformality were used. Although 
ZO • f f • 1 D • A.H. Robinson, "The Use o De ormationa ata in 
E~aiuatirig World Map Projections." The Ann~ls of the Asso-
ciation of American Geographers VoL 41, No. 1 (March 1951): 
p. 59. 
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this method of comparison is not necessarily precise, it is 
the only method available.at this time~ By comparison it 
was possible to select those maps that distorted from the 
c6rrect glo~al shape in general terms. As the shapes 
approach the actual configurations, or as the amount of shape 
distbrtion decreased, the ability to rank the maps became 
increasingly difficult. 
Distance or scale distortion involved measuring the 
5 degree lengths of longitude and latitude on ea6h map and 
converting it to statute miles. These figures were then 
compared to the true globular lengths between each 5 degrees 
of _longitude ~nd latitude. The measured deviation, plus or 
minus, from the true values is a direct measurement of the 
amount of distanc·e distortion present on the maps. 
Since every degree could not be measured on each project-
ion~ measurements were made on specific intervals of 
degrees longitude on the latitude scale and vice versa. In 
terms of degrees of longitude, the seperation of 5 degrees 
measured on the extrt=me (top·and bottom of the maps) parallels 
was used. In the case where prqjections have Standard 
Parallels, a 5 degree measurement was ~lso in6luded along 
each Standard Parallel. For instance, in the I'olar type 
proj~ctioni, excluding the Standard Parallel measurements, 
5 degree measurements ·in degrees longitude on the latitude 
scale was taken at 45°N. and 75°N. For the latitude measure-
ment on the longitude scale, the 5 degree spr·ead between 
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4S 0 N.-S0°N. and 70°N.-7S 0 N. were measured. In the Oblique· 
case, 25°N. arid so0 N. were used for th~ extreme measurements 
for .the longitudinal spread, and 25°N.-30°N. ~nd 4S 0 N.-S0°N. 
were used in the latitudinal measurement. For the long-
itudinal. e~treme measurements iri the Equatorial.case, o0 and 
15°N. were used. The spread between o0 -s 0 N. and 10°N.:...15°N. 
·was uied for the latitudinal measurement. In th~ Equatotial 
case, th~ extremes located in the southern hemisphere were 
ndt used because the results would be i~entical to those 
obtained in the northern hemisphere. Careful selection of 
each point of measurement was necessary in order ~o encompass 
the maximum range of distance distortions. In the cases ·of 
the Equatorial series, the maximum or minimum value was not 
always contained in the measured extremes but ~lsewhere on 
the projection. It was us~ally found on the eaitern or 
western portion of the ~rejection. These values were :also 
included in the final ranking of distortions. The distance 
measurements and their deviation from the glol;mlar valu.e 
are listed :in Append:.i.x II. Among all types of distortion, 
distance has the least roo~ for· error. Most of the figures 
for calculation and comparison came directly from formulas 
and known values. Only a few of the distances on the projec-_ 
tion were actually measured. 
Distortion in direction of deviation from a true bearing 
is the final type of deformation to be evaluated in this 
study .. The values (Appendix III) _were obtained in a similar 
fashion than that for distortion in distance, except that 
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selected angles were measured and then compared to the true 
values. On each projection three graticules were chosen. 
They represented the two extremes of angle deviation and a 
median value. The three measured angles reflects angle 
deformation from the maximum to minimun for each projection. 
Each study area has its own set of graticules. In the Polar 
area they were the graticules bounded on the south by 7QON. 
and on the east by 170°E.; on the east .by ss0 N. and on the 
east by 170°w., and on the south by 45°N. and on the east by 
145~W. 1he Mid-latitudinal area's graticule~ were bounded 
on the south by 45°N. and on the east by 10°w., and 35°N. -
10°E., and 25°N. - 35°E. The Equatorial graticules are also 
bounded on the south and east by 10°N. - 140°E., s0 N. ~ l00°E. 
and o0 - 110°E. By the use of trigonometry, the value for 
the desired ~ngle could be found. The southern and eastern 
lines of latitude and longitude form two sides of a right 
triangle. If the hypotenuse is drawn, an angle is formed 
in the south-western corner of the g~aticule. By use of 
', 
. . 
the tangent trigonometric function, this an~le can be found. 
On of the properties of the Mercator projection is that 
all lines of constant compass bearing are straight lines. 
This allows the values for the drawn_angles on the Mercator 
projection to serve as a standard against which values _from 
dther projections can be compared. The only errors were 
introduced in cases where the 5 degree length values could 
not be derived_ from formulas and had to be measured manually. 
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Once·all distortion·values were obtained, the next 
step was to pu~ the data into proper perspective through a 
system of ranking. Accordingly, _the numbe_r 1 was given to a 
projection with the least distortion from the global value 
and the highest number was a projection that had the most 
distortion~ In the case of area distortion, several projec-
tions have the same ranked value of 1. This i·s because they 
are all equal-area projections ~hich mearis technically they 
should all have identical observed values. As can be seen 
from the data, their values differ only slightly. In this 
case an -average value was calculated. for all the equal-area 
projections. The other projections were ranked by their· 
deviation from the av~rage value of the equal-area projections. 
The sum of the.four ranked values of distortion for each pro-
jection was then combined into an index. A closer analysis 
of this data will be the subject of the next chapter. 
CHAPTER V 
. . . 
CLASSIFICATION OF PROJECTIONS ACCORDING TO 
SUITABILITY FOR MARITIME 
BOUNDARY DELIMITATION 
The degree of distortion in area, shape, distance and 
direction and how it affects maritime boundary delimitation 
is determined by a method of comparison~ The method.of 
analysis is similar to that proposed by Steward (1970). 
Briefly, he proposes that the global qualities of the 
preservation o·f area, shape, distance and direction be tabu-
lated and compared agalnst the distorted qualities obtained 
from the boundary areas of this study's projections. This 
method of analysing the data was preferred over the other 
previously mentioned methods of distortion analysis because 
it can be applied to linear and aeral values. The other 
methods cari only determine distortion at an infinitely small 
point. 
For the purpose of comparison, an index of distortion 
has been arbitrarily determiried based on the ranking of the 
sdore .. As mentioned in the previous ch~pter the data, after 
comparison against the globular characteristics, was ranked. 
The lower the score given to a projection for a particular 
distortiori quality, the more appropriate the proj~ction is 
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for a specific use. Conversely, the higher the number, the 
more distorted the projection tends to be. 
When drawing a 200-mile arc envelope bciundary on the 
high seas, where there is no conflict for territory with a 
heighboring country, the ~hoice 6f projection is less 
critical. The 200-mile arcs, as long as they are drawn to 
scale will have a radius of 200 miles. It· is concerning 
the two varities of equidistant boundaries that distortion 
• plays a ~ajar role in their delimitation. As Hodgson (1975) 
.rightly indicates, "Maps which.are.to provide precise 
measurements of angles, distances ahd directions as a basis 
• . : 
for a.n equidistant boundary require conformal project.ions. 
Unfortunately, no one conformal projection will prove 
satisfactory for all areas qf ·the earth. 1121 -When determining 
a fair equidistant boundary, a ~oriformal projectio~ is best 
suited. If a country intends to take advantage of another 
country by.drawing a no~~equidistant or unfair boundary, 
another type of projection might prove desireabl~. 
Table 1 shows the classification of projections for 
maritime interests.in polar areas. Conic projectioris appear 
to be the most suitable for this area. This is reflected in 
consistently lower scores as compared to the other _categories. 
In terms of aeral distortion, there are sev~ral pr6jections, 
all equal-area types (Azimuthal Eq~al Are~, Albers Equal Area, 
21 ~.6. Hodgson, The Technical Delimitation of a Modern 
Equj,.distant Boundary·, (Washington D.-C.: U.S. Department of. 
State. 1975), p. 20. • 
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Bonne's, Lambert Equal Area, Sinusoidal, Cylindrical Equal 
Area, and Mollweide) that will provide the best representat-
ion. The two conformal projections, the Azimuthal Stereo-
graphic and the Mercator, are among the best in preservation 
of shape. As to the preservation of distance, the finding~ 
show that almost every azimuthal and cylindri6al projection 
is extremely unsuitable for polar regions. Among the conics, 
the Polyconic.distorted the least because of its construction. 
Each parallel represents·a Standard Parallel which has a 
correct scale. It should be pointed out that the Azimuthal 
Equidistant has the property of correct distance measurement 
from any place on the map to the point of tangency. This is 
an exceptional quality, but in terms of overall measurements 
in any direction, it falls short.of all other types. As 
expected, the Mercator projection was the best in preser~ing 
constant compass direction. The Cylindrical Equal Area 
distorted direction the most, distorted shape the most and 
distorted distance to a large.degree. It seems that its use 
is rather li~it~d in the polar area 6ther than for preserving 
area. If area was to be preserved in the polar latitudes, a. 
choice of an alternate equal-area projection that preserved 
other properties ~ould be chosen. A good choice w6uld be 
the Conic: Bonne's projection. In the Azimuthal group, the 
Azimuthal Equal Area appears to be the best qualitied projec-
tion for use. It is the only one of the cla~s that preserves 
area and does better than the others in its class in 
reducing distortion .in shape, direction an~ distance. As a 
TABLE 1: POLAR STUDY AREA 
Index of Distortion 
Projection 
Area Shape Distance Direction Total 
Azimuthal 
Equal Area l· 4 5 -11 21 
Stereographic 6 l 10 10 27 
Orthographic 5 9 4 12 30 
Gnomonic 8 11 13 9 41 
Equidistant 7 12 14 13 46 
Conical 
Bonne's 1 7 2 2 12 
Conic w/2 ·sTPs 2 3 6 5 16 
Polyconic 4 8 1 3· 16 
Lambert Equal Area 1 5 7 6 19 
Sinusoidal 1 13 3 4 21 
Simple Conic 3 6 9 7 25 
Albers Equal. Area l .10 8 9 28 
Cylindrical 
Mercator 10 2 16 l 29 
Mollweide 1 14 11 14 40 • 
Equal Area 1 16 15 16 48 
Simple Cylindrical 9 15 12 15 51 
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group, the conical class -scored the lowest in overall suit-
ability. Other than.the Bonne's, which did well in all 
categories, all the conics· did well in preserving area, and 
better than average in the other distoition characteristics. 
In the polar study area, except for the Mercator projection, 
the cylindrical class did the poorest. In almost every 
category they consistently scored high. It is interesting to 
examine the results of the Mercator. It scored best in 
preserving shape and direction and the worsi in preserv~ng 
area and distance. The-great distortion of area in the 
high latitudes on the Mercator projection explains why it 
was equally as poor in distance preservation. On the globe 
the lines of longitude converge at the poles. To preserv~ 
conformaliti, the Mercator prevents the lines of longitude 
converging by ke·eping them parallel. To compen·sate for this 
progressive east-west stretching there is a proportional 
north-south elongation of the graticule. This preserves 
sh~pe b~t as a result greatly distorts ar~a and distance 
measurement. 
The classification of projecti6ns for the mid-latitudinal 
study area are shown in Table 2. Again the con~c projections 
appear to be the most suitable in reducing distor~ion for 
maritime boundary delimitation. The projections that best 
reduced area disfortion were the equal-areas. They include 
the Albers Equal Area, Bonne's, Lambert Equal Area, ·sinusoi-· 
dal, Cylindrical Equal Area and the Mollweide. Agairi the 
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Mercator distorted area the most for the same reason as pre-
viously stated. On the other hand, the Mercator is the most 
suitable for the preservation of shape in this study area. 
This is due to its property of conformality. Aside from the 
Mercator, the entire cylindrical class scored the worst in 
this category. In terms of preserving distance, the conic 
projections scored far better than the cylindrical types. 
. . 
The Polyconic proved to be the most accurate for the same 
reason as stated before. The best choice for ma1ntaining_ 
constant compass direction again is the Mercator. The 
reason for its extreme suitability is because it was 
originally developed to·preserve constant compass direction 
for early navigators. Other than the Mercator, the cylin-
drical class did the poorest. The poor showing to the 
cylindrical class is because of the nature of their construct-
ion. The cylindrical group are all based on a single line of 
tangency along the equator. The farther away from the 
equator, the more distorted the projection usually becomes in 
certain areas. Conversely, the conics have their lines of 
tangency or Standard Parallels in the mid-latitudes. This 
allows the lines of tangency to be closer to the study areas 
involved and thus_ less distortion. The best projection for 
reducing overall distortion in this study area appears to be 
the Bonne's. It did very well in maint~ining area, di~tance 
-and direction and close to average in sha~e preservation. As. 
in the polar study, the Cylindiical Equal Area, with the 
TABLE 2: MID-LATITUDINAL STUDY AREA 
Index of Distortion 
Projection 
Area Shape Distance Direction Total· 
Co.nical 
Bonrie's 1 7 2 2 12 
Polyconic 4 5 ·1 3 13 
Albers Equal Area 1 3 4 8 16 
.Conic w/2 STPs 3. 2 6 5 16 
·Simple Conic 2 4 5 6 .17 
Sinus.oidal 1 9 3 4 17 
Lambert Equal Area 1 6 7 7 21 
Cylindrical 
Mercator 6 l 11 l 19 
Mollweide l 8 8 10 27 
Simple Cylindrical 5 10 9 9 33 
Equal Area 1 11 10 11 33. 
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exception of area preservation, proved to be extremely un-
suitable. A choice other than this project.ion would be the 
most ~rofitable in choosing a projection. There are other 
equal-area ~rejections such as the Bonne's that would do a 
better job. 
The variation in the· distortions of projections drawn 
for the Equatorial study area are shown in Table 3. In this 
area, the cylindrical projections prove to be the most suit-
able in preserving overall distortion. This is because, as 
previo~sly stated, the 6ylindrical projections· are based on 
the Equator being the line of tangency. Because of the 
proximity to the Equator, all distortions are m.1.nimized. 
Consequ~ntly, the polar group did the poorest because their 
point of tangency, the north pole, is at a maximum distance, 
thus encouraging large amounts of distortion. Th~ conical 
class falls- into the middle of the ranking. This too is based 
on the proximity of the lines of tangency to the study area. 
In general the equal-area projections proved to be those 
which did the best in preserving aeral characteristics. 
These projections are the· Albers Equal Area, Sinusoidal, 
Cylindrical Equal Area and the Mollweide. The three worst 
in preserving aeral distortions are the three azimuthal 
projections. In terms of shape distortion, the cylindrical 
class again performed very well in preserving it. This is 
due to th~ study area's proximity to the Equator.· Near the 
Equator the graticules on the cylindrical projections come 
TABLE 3 : EQUATORIAL STUDY .. AREA 
Index of Distortion 
Projection 
Area Shape Distance Direction Total 
Azimuthal 
Orthographic 7 8 8 9 ·. 32 
Gnomonic 9 4 12 8 33 
Stereographic 8 7 11 11. 37 
Conical 
Albers Equal Area 1 6 4 5 •• 16 
Sinusoidal 1 10 2 3 . 16 
Conic w/2 STPs 4 5 3 6 18 
Polyconic 5 11 1 2 19 
Simple Conic 6 12 10 10 38 
Cylindrical 
Mercator 2 1 7 1 11 
Simple Cylindrical 3 2 5 4 14 
Equal Area 1 3 6 6 17 





very close to the global network of longitude and latitude. 
The best of the cylindrical group is the Mercator because 
of its property of conformality. The Stereographic prb-
jection, because of its property of. conformality would be 
expected to rank high along with the Mercator. This i 
not true. Although it preserves shape well in the center 
of the map, there is bad shape disto.rtion around the 
. periphery.. This deformation limits its usefulness in 
preserving shape in the equatorial area~ The Polyc~nir 
again is best for the preservation of distance. This is 
true for the same reason as previously mentioned. Thel 
worst in reducing distance distortion was the azimuthal . I 
class. This is because these projections are· projected 
I 
from a point of tangency instead of a line like the conical 
and cylindrical groups. As a result, these projections are 
susceptible to distance distortion. The cylindrical class 
make a good showing in direction distortion. As usual the 
.Mercator proved best for the preservation of constant 
compass direction. 
This data presents a range of choices from the best to 
the worst projections that are relevant to the representation 
. I 
of the 200-mile offshore boundary. By examining the I 
statistics and the constructed maps, it should be possible 
I 
to determine the proper projection that is characterized by 
the lowest degree 6f distortion for a particular study area. 
Hodgson (1975) in giving his opinion of the best projections 
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t6 be used in·determining a fair equidistant boundary_lby 
stating that, 
·"The Mercator projection charts may be used for the 
basic delimitation process in the a~ea from 15° I 
south to 15° north of the Equator. Unfortunately, 
in its mathematical development it grossly distorts 
distances in the areas poleward of 15° and should not 
be used in these regions. Lambert Cohformal 
projection maps will be satisfactory for the zones 
from 4° to approximately 72° north and south cif the 
Equator. Area exaggerations between and near the! 
Standard Parallels are relatively small, and thus\ 
the Lambert Conformal projection will provide 
excellent direction and good shape relatiohships 
fo,r the east-west latitude zone on which it is 1 
developed. The Stereographic projection is recomended 
for polar reg ions. . Area exaggeration increases . t 
outward from the ~enter and hence the application 
of the projection should be restricted to the areas 
poleward of 60° north and south. The projection 
is both conformal and azimutha1. 11 22 
Hodgson's opinion in many respects is supportive 
results that were obtained from my analysis. For the 





projection. These results here show that tbe best ove~all 
projection in the equatorial study area is-the Mercato~. In 
the t6tal ranking, the Mercator revealed the lowest vaiue. 
As to the Lambert Conformal in the mid-latitudinal 
study area, this study showed different results. The Lambert 
Conformal, as a conical projection, revealed the best 
qualities for this area, but the Bonne's projection is 
equally as good. E~cept·for its ranking in shape, whi 1h is 
highly subjective in the first place, there is little 
22 .. 
2 • Ibid., pp. 21- 2. 
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difference between the two. 
In the polar study area, Hodgson preferred the Azimuthal 
Stereo~raph{c projection because of i~s conformal properties 
and it is azimuthal. Although the results show that a conic 
projection would be a better overall proj~ction, this 
study's ranked data has no way of evaluating the importance 
of being azimuthal. The property of being azimuthal is limited 
only to this type of_projection. When examining the Azimuthal 
projections as a group, the Stereographic was found to be 
rated among the best. 
It is becoming. evident .from the data tha-t the point or 
line of tangency of each class of projections plays a 
major role in determining its iuitability. The equatorial 
s~udy area is centered upon the lin~ of tangericy of the 
cylindrical projections, the Equator. Boundaries drawn 
near the Equator will receive minimal amounts of distorti_on 
because along the line of tarigency, the distortive· qtialities 
are the closest to globular. 
The conical class reduced distortion most effectively 
in the mid-latitudinal study area. This is .because of the 
placement of the line or lines of tangency, Standard 
Parallels. The placement of the Standard Parallels is 
arbitrary but usually they are placed riear the areas to be 
delimited, _reducing minimal distortions. 
In the polar study area this study showed the conical 
class to be the best. If the study area were located over 
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the pole, the Azimuthal class would have proven superior. 
The reason for the success of the conical class was that the 
study area was located between the latitudes of 45°N. and 
is 0 N .. Although it is near the polar area, the study area can 
also be considered to be an oblique one too. Since the coni-
c~ls did so well in the mid-latitudinal (oblique) study area, 
it is not_s~rprising then to s~e the conics the.most I 
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CHAPTER VI 
CONCLUSION 
By examining the results obtained from the analysis, 
some notable patterns in the choice of projecti6ns have 
emerged. For every maritime interest, be it the preservation 
of area for fishing rights or mineral exploitation, th~ 
shape for visual or psychological purposes, the distance for 
equitable median line boundary division along strategic 
straits for shipping, or the direction for navigational 
purposes, there is an appropriate projection for each purpose 
in each study area; 
In the polar study area, according to the index, the 
equal-area projections reduced distortion primarily in aeral 
def6rmation. The Stereographic and Mercator type, due to 
their property of conformality, were the most suitable in 
shape preservation. The Polyconic is the most desireable in 
keeping the distances closest to the global qualities. The 
Mercator proved the best in preserving constant lines of 
compass b~aring. The projections that distorted the most, 
e.g. the Mercator, and others with a combination of high 
distortion scores, should be disregarded for any maritime 
use. 
Concerning the mid-latitudinal study area, in aeial 
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preservation, the equal-area projections did the best. 
The Mercator scored the lowest in shape retention. The Poly-
conic, because of its property of all the parallels being.Stan-
dard Parallels, reduced dis·tortion the most in distance mea- • 
surement. The Mercatbr was chosen best for .navigational pur-
poses by preserving constant compass direction. 
In the equatorial study aiea, again the equal-area 
group serves the best in aeral distortion. The Mercator 
projection is best suited ·to preserve the glcibal qualities 
o~ shape. The Polyconic projection had the lowest score in 
distortion if distance. • Finally the Mercator is most suit-
able for pre·serving constant compass direction. 
As an overview of the process of ~rejection selection, 
the projection that would create the fairest boundaries for 
the nation~ involved in the Pcilar Study Area and the Mid-
Latitudinal Study Area is the Conic; Bonne's Projection. 
According ·to the Index of Distortion Tables it generally had 
the lowest scores. The Mercatbr projection proved to be the 
best overall projection for boundary delimitation in the 
Equatorial Study Area. It consistently scored very low in 
area and distanc~ distortion• and proved to be the best in 
preserving shape and direction. 
This study not only points out the projection best 
suited for boundary delimitation irt selected study areas, but 
. . 
also offers a choice of projections that distort global 
qualities to varying degrees. The selection of this type of 
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projection would depend on· the needs of the particular coun-
try. Depending on which marine interest holds the most 
importance for a country, certain global qualities will have 
to be stressed. For instance the maximization of area for 
purposes of fishing, continental shelf exploitation or other 
related ~ctivities, a projection other than ari equal-area 
would be chosen, the exact selection depending on the deqree 
.of maximization desired. 
Likewise, shape can be distorted to different degrees. 
A distortion in the shape of a coastline affects the delimi-
tation of the equidistant boundary .. Shape distortion would 
be desireable for psychological reasons. A distorted vis~al 
representatioh that made a country's boundary area larger 
than it should may give a certain mental advantage. 
The selection of i projection that distorts distances 
can greatly affect the equidist~nt boundary delimitation of.a 
strait. An unequal division would give one country more con-
trol than it rightly deserves over the strait involved. The 
Strait of Malacca between the Island of Sumatra in Indonesi~ 
and the Malaya Peninsula in Malaysia is a very strategic 
area. 
.. 
If, for instance, Indoneiia deri~ed its boundary on a 
projection other than Polyconic, they would receive more 
control over what occurs in the strait than Malaysia. The 
amo.unt of control obtained is proportional to the degree of 
di·stortion the projection has in distance. 
A selection of a projection other than the Mercator in 
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terms of preserving constant bearing would make navigation in 
the boundary area very difficult. The patrol.and search of 
violations of the b6undary line will best·be done by ihe 
available Navy or Coast Guard 6f a country. On -the Mercator, 
the area can. be navigated ~ith little difficult~. ~ny other 
choice would hinder this process. 
Unfortunately, the best one overall projection for all 
maritime interest for all study areas could not be found, 
simply because such a projection does. not exist. The most 
ideal representati6n is the globe. Thus in trying to capture 
some of the global. qualities on a map, it always results in 
some type of distortion. 
Hopefully the findings 6f this study have some applicat-. 
ion to delimiting the 200-mile offshore boundary. The study 
has focused on maritime bound~ries because they pre~ent 
unique distortion problems. An equitable median line boundary 
must be drawn on an appropriate projection to be completely 
fair, otherwise a non-equitable boundary will result. In 
most cases, a boundary conflict can be settl~d with a fair 
delimitation, agreeable to all coricerned. In addition to the 
suggested projection choice, the author al-so points out the 
options that are available in order to achieve an· unfair 
delimitation. 
Through recent development of computers, boundaries can 
be also delimited without the need of projections. By 
measuring from fixed geographic coordinates of the coastline 
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to coordinates representing the boundary line, much distortion 
previously attributed to projections can be minimized. 
Foreign ships can locate the boundary line through such 
navigational devises as LORAN A or LORAN C, or by the 
Doppler Satellite Positioning System. 23 After the boundary 
lines have been delimited, they may be drawn on t~e desired 
projection. The projection selected will inevitably deform 
the true boundary area according to its disto·rtive properties. 
The results of this study show a definite association 
between the selection of map projections and the division· of 
the offshore boundaries on the earth. A furidamental under-
-standing of this is absolutely necessary. In time, the sea-
ward extention of national claims may grow to encompass all 
of the oceans. If this is true, the individual nations 
familiar with the projection properties and deformation 
problems will have an absolute advantage iri coping with the 
ever ~ore increasing problems of equitably sharing, main-
taining, controling, anQ exploiting ocean space.· 
23H_. Orlin, "Offshore Boundaries: Engineering and Exonomic 
Aspect~," Ocean Development and International Law Vol. 3, 
No. 1 (1975): 90-91. 
APPENDIX I 
DISTORTION IN AREA: POLAR STUDY AREA 
Projection U.S.A. U.S.S.R. 
Azimuthal Equal Area 24.12 6.82 
·Azi'muthal Equidistant 31. 92 8.88 
Gnomonic 44.15 9.43 
Orthographic 20.47 6.19 
Stereographic 29.24 7.53 
Albers Equal Area 23.70 6.42 
Bonne' s. 24.94 6.94 
Conic w/2 STPs 25.04 7.04 
Lambert Equal Area 25.16 7.02 
Polyconic 25.17 7.04 
Simple Conic 24.56 7.32 
Sinusoidal 24.60 7.31 
Cylindrical Equal Area 24.56 6.59 
Mercator 122.59 61. 66 
Mollweide 24.69 7.20 
Simple Cylindrical 48.90 7.49 
Calculated Global Value 24.54 6.90 
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APPENDIX I 
DISTORTION IN AREA: OBLIQUE STUDY AREA 
Albers Conic Lambert 
Equal Area Bonne's w/2STPs Equal Area Polyconic 
Spain l. 98 1. 89 1. 99 1. 95 2.05 
Franc·e .69 .72 .67 .72 .70 
Italy 4.18 4.26 4.20 • 4. 2 6 4.20 
Malta .87 .81 .88 .84 .79 
Yugoslavia .44 .42 .46 .43 . 43 
Albania .11 .11 .12 .11 .12 
Greece 3.70 3.71 3.69 3.74 3.75 
Turkey .89 .88 .89 .94 .81 
Cyprus .90 .82 .91 .86 .84 
Syria .10 .08 .08· .08 . 08 
Lebanon .12 .12 .17 .14 .12 
Israel .21 .20 .21 .20 .17 
Egypt 1. 43 1. 40 1.45 1. 42 1. 40 
. Lybia 2.60 2.60 2.56 2.52 2.57 
Tunisia .76 .73 .79 .74 .77 
Algeria .99 1.06 .95 1.00 1.07 
Morocco .19 .19 .15 .19 .19 
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DISTORTION IN AREA: OBLIQUE STUDY AREA 
Simple Cylindrical 
Conic Sinusoidal Equal Area Mercator Mollweide 
Spain .1. 97 1. 84 2.15 3.60 1. 82 
France .69 .71 .72 1.2.3 .71 
Italy 4.20 4.19 4.30 7.45 3.98 
Malta .80 .78 .62 1. 24 .75 
Yugoslavia . 4 3 .43 . 43 .92 .42 
Albania .11 .11 .10 .24 .11 
Greece 3 .·63 3.66 3 •. 66 5.98 3.54 
Turkey .93 ~89 1. 20 1. 29 .90 
Cyprus .87 .89 .79 1. 32 .86 
Syria . 09 . 1.0 .07 .12 .09 
Lebanon .12 .12 .12 .19 .12 
Israel .21 .18 .18 .30 .19 
Egypt 1. 43 1. 49 1. 44 2.06 1. 40 
Lybia 2.55 2.52 2.68 3.72 2.45 
Tunisia .78 .72 . .77 1.18 .69 
Algeria .96 .97 .99 1. 60 . 9 8· 









































DISTORTION IN AREA: EQUATORIAL STUDY AREA 
Projection Brunei Port. Timor Maylasia Indonesia 
Gnomonic .. 33 .66 4.06 53.44 
Orthographic . 2 9 .59 3.71 47.02 
Stereographic .37 .67 3.73 51. 53 
Albers Equal Arei;l .28 .55 3.73 48.60 
Conic w/2 STPs .29 .68 3.80 50.02 
Polyconic .31 .61 3.80 50.28 
Simple Conic .26 .57 3.69 50.21 
Sinusoidal .31 . 6-1 3.77 48.75 
Cylindrical Equal Area .29 .57 3.86 48.82 
Mercator .27 .63 3.83 49.10 
Mollweide .32 .70 3_. 63 49.84 
Simple.Cylindrical .29 .62 3.91 48.80 
Calculated Global Value . .30 .61 3.75 49.00 
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APPENDIX 2 
DISTORTION IN DJSTANCF.: POT,7\R S'l'UOY 7\RE7\ 
5 Degrees of 5 Degrees of 
Longitude in Latitude in 
Projection Inches Inches 
Azimuthal Equal Area 45° - 1. 20000 45°-50° - 1. 46376 
75° 0.40000 70°-75° 1. 55232 
Azimuthal Equidistant 45° - 1.46376 45°-50° - 1. 36000 
75° - 1. 55232 70°-75° - 0.55000 
Gnomonic 45° - 1.50200 45°-50° - 2.89620 
75° - o.40000 -70°-75° - 1. 72836 
Orthographic 45° - 1.11000 45°-50° - 1.15776 
75° -·0.40000 70.0 -75° - 1.49760 
Stereographic 45° - 1. 32000 45°-50° - 1.80864. 
75° - 0.41000 70°-75° - 1. 60648 
Albers Equal Area 45° - 1.14400 45°-50° - 1. 55718 
(STP) 50° - 1. 00962 ·50°-55° - 1. 58328 
(STP) 70° - 0.53730 65°-70° - 1.53180 
75° - 0.35000 70°-75° - 1.54674 
Bonne's 45° - 1.11078 45°-so 0 - 1. 57086 
(STP) 60° 0.78534 55°-60° 1. 57086 
75° 0.40662 60°-65° 1. 57086 
•. 70°--75° 1.57086 
Conic w/2 STPs 45° - 1.14000 ·45°-50° - 1. 57082 
(STP) 50° - 1. 00962 50°-55° - 1. 57082 
(STP) 70° - 0.53730 65°-70° - 1. 57082 
75° - 0.42000 70°-75° - 1. 57082 
Lambert Equal Area 45° - 1.14000 45°-50° - 1.54260 
(STP) 60° - 0.78535 5.5°-60° - 1.56870 · 
75° - 0.43300 60°-65° - 1. 56870 
70°-75° - 1. 50660 
Polyconic 45° - 1.11078 45°-so 0 - 1. 57086 
75° - 0.40662 70°-75° - 1. 57086 
Simple Conic 45° - 1.15500 45°-50° - 1. 57086 
(STP) 60° - 0.78534 55°-60° - 1.57086 
75° - 0.40662 60°-65° - 1.57086 
70°-75° - 1. 57086 
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APPEND.IX 2 
DISTORTION IN DISTANCE: POLAR STUDY AREA 
Projection 
Sinusoidal 




5 Degrees of 
Longitude in 
Inches 
45° - 1.11078 
75° - 0.40662 
45° - 1. 57086 
75° - l. 57086 
45° - l. 57086 
750 1. 57086 
45° - 1.14392 
75° - 0.59755 
45o - 1. 57086 
75° - l. 57086 
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·5 Degrees of 
Latitude in 
Inches 
45°-50° - 1.57086 
70°-75° - 1.57086 
45°-50° - 1.06074 
7oO~75° - 0.47376 
45°-50° - 2.44400 
70°-75° 6.07010 
45°-50° - 1.56780 
7o 0 ~750 - 1.13256 
45°-so O - 1.57086 
. 70°-75° - 1.57086 
APPENDIX 2 
DISTORTION IN DISTANCE: OBLIQUE STUDY AREA 
5 Degrees of 5 Degrees of 
Longitude in Latitude in 
Proj'ection Inches Inches 
Albers Equal· Area 25° - 1.42000 25°-30° - 1. 55070 
(STP) 35° - 1. 28664 30°-35° - 1. 56600 
40° - 1. 20330 35o .... 40° - 1. 57194 
5o 0 1.07000 40°-45° 1. 56546 
45°-50° 1. 54386 
Bonne's 25° - 1.42362 25°-30° - 1. 57086 
(STP) 40° 1. 20330 35°-40° 1. 57086 
50° - 1. 00962 40°-45° - 1. 57086 
45°-50° - 1. 57086 
Con'ic w/2 STPs 25° - 1. 46000 25°-30° - 1. 57014 
(STP) 35° - 1. 28664 30°-35° - 1. 57014 
(STP) 40° - 1. 20330 35°-40° - 1. 57014 
50° 1.02000 40°-.-45° 1. 57014 
45°-50°- 1.57014 
Lambert Equal Area 25° - 1. 47000. 25°-30° - 1. 53900 
(STP) 40° 1. 20330 35°-40° 1. 56780 
50° - 1.04000 40°-45° - 1.56960 
45°-50° - 1.55700 
Polyconic (STP) 25° - L 43262 25°-30° - 1. 57086 
(STP) 50° - 1. 00962. 45°-50° - 1. 57086 
Simple Conic 25° - 1. 46500 25°-30° - 1.57086 
( S'l'J?) 40° - 1. 20330 35°-40° - 1. 57086 
50° - 1. 01000 40°-45° - 1. 57086 
45°-50° 1. 57086 
Sinusqidal 25° - 1. 43262 25°-30° - 1. 57086 
50° - 1.00962 45°-50° - 1. 57086 
Cylin. Equal Area 25° - 1.57086 25°-30° - 1.39284 
50° - 1. 57086 45°-50° - 1. 06074 
Mercator 25° - 1. 57086 · 25°-30° - 1.81392 
so0 - 1. 57086 45°-50° - 2.44400 
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5 Degrees of 
Longitude in 
Iriches 
25° - 1. 32872 
50° - 1. 07520 
• 25° - 1. 57086 
50° - 1. 57086 
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5 Degrees of . 
Latitude in. 
Inches 
• 25°-30° - 1.64664 
45°-50° - 1.56780 
25°-30° - 1.57086 
45°-50° - 1.57086 
APPENDIX 2 





Albers Equal Area 




5 Degrees of 
Longitude in 
Inches 
00 - 1.57482 
15° - 1. 99872 
00 - 1. 57086 
15° - 1. 34541 
oo - 1. 58000 
15° 1.97500 
00 I. 57086 
(STP) 50 - 1.56474 
15° - 1.50000 
00 - 1. 57010 
(STP) 50 - 1.56474 
15° 1.52500 
(STP) 00 - 1. 57086 
(STP) 15° - 1.51722 
(STP) 0° - 1.57086 
15° 1. 40000 
oO 1.57086 
15°..,. 1.51722 
Cylindrical Equal Area oO - 1. 57086 
15° 1. 57086 
Mercator • 
Mol.lweide 
oO - 1..57086 
15° - • 1. 5 7 ff8 6 
o0 - 1. 41408 
15° - 1. 38302 
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5 Degrees of 
Latitude in 
Inches 
0°-5° - 1. 574.82 
10°-15° - 1.64919 
0°-5° - 1.56888 
10°-15° - 1.53306 





5°-10° - 1.57320 
10°-15° - 1.54800 
0°-5° - 1. 57086 
5°-10° - 1. 57086 
10°-15° 1.57086 
0°-5° • ...: .1.57086 
10°-15° - 1.57086 
.0°-5° on Long.-
145O - 1.76.000 
0°-5° - 1.57086 · 
10°-15° 1.57086 
0°-5° on Long.-
1450 - 1. 37414 
0°-5° 1. 57086 
10°~15° - 1.57086 
- 1. 56888 
1.53306 
0°-5° - 1. 57086 
10°-15° - 1.62670 
0°-5° - 1.77660 
10°-15° - 1.74852 
APPENDIX 2 
DISTOR1ION IN DISTANCE: EQ0ATORIAL STUDY AREA 
Projection 
Simple Cylindrical 
5 Degrees of 
Longitude in 
Inches 
o0 - 1. 57086 
15° - 1. 57086 
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5 Degrees of 
Latitude in 
Inches 
0°-5° - 1. 57086 
10°-15° - 1.57086 
APPENDIX 3 
DISTORTION IN DIRECTION: POLAR STUDY AREA 
Projection 7ooN.-170oE. o o o • o 55 N.-170 W. 45 N.-145 W. 
Azimuthal Equal Area 71.148° 




Albers Equal ·Area 70.844° 
Bonne's 71.117° 
Conic w/2 STPs 71.117° 
Lambert Equal Area 70.012° 
Polyconic 71.117° 
Simple Conic 70.704° 
Sinusoidal 71.117° 
Cylindrical Equal Area 16.783° 
Mercator 75.49i 0 
Mollweide 57.641° 




































DISTORTION IN DIRECTION:· OBLIQUE STUDY AREA 
Projection 45°N.-lo 0 w. 35°N.-10°E. 25°N.-35°E. 
Albers Equal Area 53.678° 50.699° 47.120° 
Bonne's 54.735° 50.680° • 47.815° 
Conic·w/2 STPs 54.961° 50.667° 4.7.377° 
Lambert Equal Area 54.759° 50.881° 46.804° 
Polyconic 54.735° 50.680° 47.815° 
Simple Conic 54.998° 51. 045° 46.841° 
Sinusoidal 54.735° 50.680° 47.815° 
Cylindrical Equal Area 34.030° 38.417° 41.563° 
Mercator 57.270° 52.560° 49.107° 
Mollweide 36 .116. 0 39.075° 40.027° 
simple Cylindrical 4 5_. 000° 45.000° 45.000° 
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APPENDIX 3
DISTORTION IN DIRECTION: EQUATORIAL STUDY AREA 
Projection l0°N.-140°E. 5°N.-l00°E. o0 -110°E. 
Gnomonic 43.615° 44.552° 45.000° 
Orthographic 48.178° 45.552° 45.000° 
Stereographic 
• 0 
36.352 43.199° 45.000 0 
Albers Equal Area 44.623° 44.543° 45.000° 
Conic w/2 STPs 45.992° 45.692° 45.014° 
Polyconic 45.440° 45.112° 45.000° 
Simple Conic 50.670° 46.839° 45.000° 
Sinus_oidal . 45.440° 45.112° 45.000° 
Cylindrical Equal Area 44.302° 44.743° 44.964° 
Mercator 45.636° 45.115° 45. 000° • 
Mollweide 51. 308° 51. 389° 51. 483° 
Simple Cylindrical 45.000° 45.000° 45.000°. 
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